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Baryon number violating interactions could modify the signatures of supersymmetric models at
the Large Hadron Collider. In this article we investigate the predictions for the Higgs mass and the
Higgs decays in a simple extension of the minimal supersymmetric standard model where the local
baryon and lepton numbers are spontaneously broken at the TeV scale. This theory predicts baryon
number violation at the low scale which can change the current LHC bounds on the supersymmetric
spectrum. Using the ATLAS and CMS bounds on the Higgs mass we show the constraints on the
sfermion masses, and show the subsequent predictions for the radiative Higgs decays. We found that
the Higgs decay into two photons is suppressed due to the existence of new light leptons. In this
theory the stops can be very light in agreement with all experimental bounds and we make a brief
discussion of the possible signals at the LHC.
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3I. INTRODUCTION
The minimal supersymmetric extension of the standard model (MSSM) is considered as one of the most
appealing theories to describe physics at the TeV scale. While this theory makes many interesting predic-
tions the signals at the Large Hadron Collider (LHC) depend on unknowns such as the supersymmetric
spectrum and the presence or absence of baryon (B) and lepton (L) number violating interactions (collec-
tively known as R-parity violating interactions). The CMS [1] and ATLAS [2] experiments have studied
many possible signals of the MSSM at the LHC setting very strong bounds on the gluino and squarks masses
in some specific scenarios with missing energy. In the majority of the experimental studies it is assumed the
absence of the baryon (B) and lepton (L) number violating interactions (R-parity conservation). However,
it is well-known that in general the B and L symmetries can be broken changing many of the predictions
for the collider experiments. For example, one could modify all collider bounds based on the searches for
missing energy if the baryon number is broken.
In this article we discuss the possible impact of the baryon number violating interactions on the super-
symmetric signals at the LHC. We focus our study in the context of a simple extension of the MSSM where
the baryon and lepton numbers are local gauge symmetries spontaneously broken at the TeV scale. We refer
to this theory as the “BLMSSM” [3]. The main motivation for this theory is that a large desert between the
electroweak scale and grand unified scale is no longer necessary since, while B and L are broken at the low
scale the proton remains stable. In the BLMSSM the lepton number is broken in an even number while the
baryon number violating operators can change B by one unit. Even though new generations of fermions are
required, they do not mix with the SM fermions and therefore do not lead to flavour violation at tree level.
Furthermore, they are not associated with Landau poles at the low scale. The light Higgs boson mass can
be large without assuming a large stop mass and left-right mixing and one could modify the current LHC
bounds on the supersymmetric spectrum due to the presence of the baryon number violating interactions.
We study in great detail the correlation between the Higgs mass and the decay of the Higgs boson into
two photons following the new results presented by the ATLAS and CMS collaborations. In this theory the
new light leptons appreciably decrease the predictions for the Higgs decay into two gammas. Therefore,
confirmation of the two photon signal at the LHC as the Higgs decay rules out this model. In this theory the
stops can be very light in agreement with the Higgs mass and colliders bounds.
This article is organized as follows: In section II we discuss the main features of the BLMSSM. The
possible impact of the baryon number violating interactions on the LHC searches are discussed in section
III. The predictions for the light CP-even Higgs mass and the constraints on the supersymmetric spectrum
are investigated in section IV. In section V the radiative Higgs decays are studied, while the evolution of the
4gauge and Yukawa couplings are investigated in section VI. In the appendices we include all details needed
for the numerical calculations.
II. THE BLMSSM
In this article we study a simple supersymmetric model where the baryon number (B) and lepton number
(L) are local gauge symmetries [3]. This model is based on the gauge symmetry
GBL = SU(3)C
⊗
SU(2)L
⊗
U(1)Y
⊗
U(1)B
⊗
U(1)L
We refer to this model as the “BLMSSM”. In this context we have found that [3]
• The local B and L are spontaneously broken at the TeV scale.
• There are no dangerous operators mediating proton decay.
• The lepton number is broken in an even number while the baryon number violating operators can
change B by one unit.
• Anomaly cancellation requires the presence of new families, however there is no flavour violation at
tree level since they do not mix with the SM fermions.
• There are no Landau poles at the low scale due to the new families.
• The light Higgs boson mass can be large without assuming a large stop mass and left-right mixing.
• One could modify the current LHC bounds on the supersymmetric spectrum due to the presence of
the baryon number violating interactions.
In this model we have the chiral superfields of the MSSM, and in order to cancel the B and L anomalies we
need a vector-like family: Qˆ4, uˆc4 , dˆ
c
4, Lˆ4, eˆ
c
4, νˆ
c
4 and Qˆ
c
5, uˆ5, dˆ5, Lˆ
c
5, eˆ5, νˆ5. See Table I for the superfields
present in the BLMSSM.
Interactions: The full superpotential of the model is given by
WBL =WMSSM + WB + WL + WX + W5, (1)
5where
WMSSM = YuQˆHˆuuˆc + YdQˆHˆddˆc + YeLˆHˆdeˆc + µHˆuHˆd, (2)
is the MSSM superpotential and
WB = λQQˆ4Qˆc5SˆB + λuuˆc4uˆ5 ˆ¯SB + λddˆc4dˆ5 ˆ¯SB + µBSˆBSˆB
+ Yu4Qˆ4Hˆuuˆ
c
4 + Yd4Qˆ4Hˆddˆ
c
4 + Yu5Qˆ
c
5Hˆduˆ5 + Yd5Qˆ
c
5Hˆudˆ5. (3)
The new quark superfields acquire TeV scale masses once the SB and S¯B Higgs fields acquire a VEV.
Consequently, the Yukawa couplings of the new quarks to the Higgs fields do not contribute greatly to the
new quark masses and can be neglected. Furthermore the Yukawa couplings between the new quarks and the
MSSM Higgses can be large and modify the Higgs mass at one-loop level. Notice that these couplings can
have a large impact on the production cross section, gg → h, making it difficult to satisfy the experimental
bounds on Higgs production. In this work, we will take the conservative approach and assume these new
quark Yukawa couplings are small. The Higgs mass is therefore only substantially modified by the Yukawa
couplings of the new leptons which must be large to insure the new leptons masses are large enough to
satisfy collider bounds.
In the leptonic sector one has the following interactions
WL = Ye4 Lˆ4Hˆdeˆc4 + Ye5 Lˆc5Hˆueˆ5 + Yν4 Lˆ4Hˆuνˆc4 + Yν5 Lˆc5Hˆdνˆ5
+ Yν LˆHˆuνˆ
c + λνc νˆ
cνˆcSˆL + µLSˆLSˆL. (4)
Notice that we have an implementation of the seesaw mechanism for the light neutrino masses once the S¯L
field acquires a VEV, while the new neutrinos have Dirac mass terms. In order to avoid stability for the new
quarks we add the fields, Xˆ and ˆ¯X , which have the following interactions
WX = λ1QˆQˆc5Xˆ + λ2uˆcuˆ5 ˆ¯X + λ3dˆcdˆ5 ˆ¯X + µXXˆXˆ, (5)
where the baryon number for the new fields are: BX = 2/3 + B4 = −BX¯ , and if we assume that they
do not get a vev the lightest one can be a dark matter candidate even if R-parity is violated. See Refs. [4]
and [5] for the use of this idea in a previous version of the model.
For any value of the baryonic charges of the new fermions, which satisfy the anomaly conditions, the
Higgses SˆB and SˆB have charges 1 and −1, respectively. Then, one can write the following dimension five
6operator which gives rise to baryon number violation once baryon number is broken through the VEV of
SB:
W5 = a1
Λ
uˆcdˆcdˆcSˆB. (6)
Therefore, after breaking U(1)B we find the so-called λ
′′
MSSM interactions which can modify the current
LHC bounds on the supersymmetric mass spectrum. Regardless of this R-parity breaking term, the field
X(X¯) or their superpartners can be a dark matter candidate. The study of the properties of the dark matter
candidates is beyond the scope of this article.
A. B and L Symmetry Breaking
In this section we discuss how the local B and L symmetries are broken. In this context the local gauge
group, GBL, is broken to GSM
⊗
ML. Here GSM is the SM gauge group and ML = (−1)L is the lepton
parity:
GBL =⇒ GSM
⊗
ML.
In this model the local baryonic symmetryU(1)B is broken by the vev of the scalar fields SB ∼ (1, 1, 0, 1, 0)
and S¯B ∼ (1, 1, 0,−1, 0). The relevant scalar potential is given by
VB =
g2B
8
(|SB|2 − |S¯B|2)2 + (|µB|2 +m2SB) |SB|2 + (|µB|2 +m2S¯B) |S¯B|2
− (bBSBS¯B + h.c.) . (7)
Defining the vevs, 〈SB〉 = vB/
√
2 and
〈
S¯B
〉
= v¯B/
√
2, the minimization conditions read as
|µB|2 +m2SB +
1
2
M2ZB cos 2βB − bB tanβB = 0, (8)
|µB|2 +m2S¯B −
1
2
M2ZB cos 2βB − bB cotβB = 0, (9)
where tanβB = v¯B/vB and M2ZB = g
2
B(v
2
B + v¯
2
B)/4. Assuming that the potential is bounded from below
along the D-flat direction one finds the condition:
2bB < 2|µB|2 +m2SB +m2S¯B , (10)
7while
b2B >
(|µB|2 +m2SB) (|µB|2 +m2S¯B) , (11)
in order to have a non-trivial minimum. It is important to emphasize that the symmetry U(1)B is broken at
the TeV scale and therefore the mass of the new neutral gauge boson is related to the SUSY breaking mass
scale. In order to show this we give the dependence of the new gauge boson masses on the parameters in
the model:
1
2
M2ZB = −|µB|2 +
(
m2SB −m2S¯B tan
2 βB
tan2 βB − 1
)
. (12)
Once B is broken we can find new interactions which violate baryon number. Using Eq.(6) one finds
2λ
′′
ijk u
c
i d
c
j d˜
c
k and λ
′′
ijk u˜
c
i d
c
j d
c
k, (13)
with
λ
′′
ijk = a
ijk
1
vB
Λ
√
2
, (14)
where aijk1 = −aikj1 . These interactions break baryon number in one unit and are the so-called λ
′′
ijk terms
of the MSSM.
As in the case of the baryon number the local U(1)L is broken at the TeV scale by the vev of the scalar
fields SL and S¯L. Following the discussion above one can find a similar relation between the quark-phobic
gauge boson mass and the soft terms of the scalar fields:
1
2
M2ZL = −|µL|2 +
(
m2SL −m2S¯L tan
2 βL
tan2 βL − 1
)
. (15)
In the above equations mSL(mSB ) and mS¯L(mS¯B ) are soft masses for the Higgses SL(SB) and S¯L(S¯B),
while tanβL =
〈
S¯L
〉
/ 〈SL〉 = v¯L/vL and M2ZL = g2L(v2L + v¯2L).
Now, after symmetry breaking one can see that the lepton number is only broken in two units. Using the
term, νˆcνˆc ˆ¯SL, in Eq. (4) one finds the Majorana mass term for the right-handed neutrinos
λijνc ν
c
i ν
c
j
v¯L√
2
, (16)
8which is needed to generate neutrino masses though the seesaw mechanism.
Summarizing, in this model the local B and L symmetries can be broken at the TeV scale while contri-
butions to proton decay are not induced because the baryon number is broken by one unit and the lepton
number is broken by two units as required by the seesaw mechanism. There are relevant constraints coming
from the ∆B = 2 processes, such as n− n¯ oscillations and di-nucleon decays, and from cosmology which
we will discuss in the next sections.
B. Mass Spectrum
New Leptons: The mass for the new leptons are given by
Me4 = Ye4
vd√
2
, Me5 = Ye5
vu√
2
, Mν4 = Yν4
vu√
2
, and Mν5 = Yν5
vd√
2
. (17)
Using the above equations and imposing the perturbative condition for the Yukawa coupling, Y 2e4/4pi ≤ 1,
one finds an upper bound on tanβ:
tanβ ≤ 6.1(4.3),
when Me4 ≥ 100(140) GeV.
Sfermion Masses: In this model the sfermion masses are modified due to existence of new D-terms. For
example, the stop mass matrix reads as
M2t +M2Q˜3 + (12 − 23 sin2 θW )M2Z cos 2β + 13DB Mt Xt
Mt Xt M
2
t + M
2
u˜c3
+ 23 sin
2 θWM
2
Z cos 2β − 13DB
 ,
(18)
where M2
Q˜3
and M2u˜c3 are squark soft masses. DB =
1
2M
2
ZB
cos 2βB define the new contribution due to the
presence of the U(1)B D-term, Mt is the top mass and Xt = At − µ cotβ is the left-right mixing in the
stop sector. In a similar way we can write the mass matrix for the sbottoms. See the Appendix for details.
The new slepton mass are modified by the U(1)L D-term. In the case of the mass matrix for the new
9sleptons of the fifth generation reads as
M2ν˜5 =
M2ν5 +M2L˜c5 − 12M2Z cos 2β − (3 + L4)DL Mν5 Xν5
Mν5 Xν5 M
2
ν5 + M
2
ν˜5
+ (3 + L4)DL
 . (19)
HereDL = −14M2ZL cos 2βL is the new D-term contribution andXν5 = Aν5−µ tanβ the left-right mixing
in this sector. In order to simplify the discussion in the text we list the mass matrices for the other sfermions
in the Appendix.
III. BARYON NUMBER VIOLATION AND THE SUSY SPECTRUM
When the baryon asymmetry is generated above the electroweak scale strong bounds on the λ
′′
ijku
c
id
c
jd
c
k
couplings exist from the condition that the 2 → 2 and 2 → 1 processes do not washout the baryon asym-
metry generated. These constraints have been studied in great details in Refs. [6–9]. The bound on these
couplings read as [7, 9]
λ
′′
ijk . 5× 10−7
(
Mq˜
1TeV
)1/2
, (20)
where Mq˜ is the squark mass. Now, in order to understand the impact of this bound on the SUSY signals
we will consider different scenarios for the LSP:
• Neutralino as the LSP:
In this case the neutralino will decay into three quarks and one can have the following signals
pp → t˜∗t˜ → t¯t χ˜01χ˜01 → t¯t 6j, pp → b˜∗b˜ → b¯b χ˜01χ˜01 → b¯b 6j.
Therefore, one could modify the bounds on the supersymmetric spectra since there is no missing
energy in these channels. The neutralino decay length can naively be estimated as
L(χ˜0 → 3q) > 160 m
(
Mq˜
500 GeV
)4(100 GeV
Mχ˜0
)5(2.5× 10−7
λ′′
)2
, (21)
assuming the cosmological bounds. Therefore, the lightest neutralino would decay outside the detec-
tor and one has the standard signals with missing energy at the LHC. However, if the baryogenesis
mechanism is at the weak scale one can avoid the bounds from cosmology and the neutralino can
decay inside the detector.
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• Gluino as the LSP:
In this case the gluino pair production can lead to channels with same-sign tops and multijets
pp → g˜g˜ → tt 4j, bb4j.
Now, assuming the constraint coming from cosmology one can estimate naively the decay length of
the gluino as
L(g˜ → 3q) > 10 m
(
Mq˜
103 GeV
)4(400 GeV
Mg˜
)5(10−7
λ′′
)2
. (22)
Therefore, the gluino is long-lived and form bounded states. The resulting states that consist of either
of a gluino pair or triplets of quarks, or of a gluino bound to a gluon, are called R-hadrons [10]. If
the gluinos are produced near threshold, the formation of gluino-pair bound states (gluinonium) is
also possible and leads to characteristic signals [11–15] and place strong bounds on the gluino mass.
• Slepton as the LSP:
If the LSP is a charged selectron one has a long-lived charged track since the decay length is very
large due to the bound coming from cosmology and the four-body phase space suppression. This
scenario is very similar to the long-lived stau scenario in gauge mediation [16, 17] and one can have
signals with two leptons, a same-sign top pair and four jets
pp → e˜∗i e˜i → e+i e−i tt 4j, e+i e−i bb 4j.
In the case when the sneutrino is the LSP one has missing energy and multijets
pp → ν˜∗i ν˜i → ν¯ν tt 4j, ν¯ν bb 4j.
This scenario is possible and will have constraints from the missing energy searches.
• Chargino as the LSP:
The case of a long-lived chargino is very similar to the previous scenario where one has a long-lived
charged slepton. One has a charged tracks due to existence of a long-lived charged particle and we
can have the following signals
pp → χ˜+i χ˜−i →W+W− tt 4j, W+W− bb 4j,
11
with same-sign top pair and multijets.
• Squark as the LSP:
Due to the cosmological constraint the squarks will be long-lived and form bounded states. If we
compute the decay length of a squark one finds
L(q˜i → qjqk) > 1 mm
(
102 GeV
Mq˜
)(
10−7
λ′′
)2
. (23)
Therefore, the squark will form bounded states but it will decay inside the detector. In this case we
can have displaced vertices as well when the stop (sbottom) has mass around 100 GeV and we can
have signals with four jets
pp → t˜∗t˜ → 4j, pp → b˜∗b˜ → 4j.
Therefore, one can avoid the LHC constraints coming from the searches for multijets and missing
energy. Notice that this scenario is quite relevant for us because we will study different cases where
the stop is quite light.
It is important to mention that in the model discussed in this article the above constraints are relevant even if
baryon number is broken at the TeV scale. In general one can have an asymmetry in the SM sector and in the
dark matter sector, where we have the X field. Now, we have discussed above that the ucdcdc interactions
are generated at the TeV scale, and if they are in thermal equilibrium before the electroweak phase transition,
around 100 GeV, one cannot preserve the baryon asymmetry in the visible sector. Therefore, in order to
make sure that the asymmetry in the visible sector is not washed out we impose the above constraints.
It is well-known, that if the baryon asymmetry is generated below the electroweak scale the bounds on
λ
′′
ijk listed above are not present. However, there are other bounds on these couplings. The most important
coming from dinucleon decay, pp→ K+K− [18], and one gets λ′′uds < 10−8 [19]. If we use this bound and
the one above from cosmology we can imposse a lower bound on the cutoff of the theory. Using λ
′′
< 10−8,
〈SB〉 ∼ 1 TeV and a1 ∼ 1 one gets
a1
Λ
〈SB〉 < 10−8 =⇒ Λ > 1011 GeV. (24)
This is the naive lower bound on the cutoff of the theory. Of course, the coupling a1 can be smaller and the
cutoff of the theory can be much lower. In the last section we will use the running of the Yukawa couplings
to set the possible cutoff assuming perturbativity at the high scale.
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IV. THE LIGHT CP-EVEN HIGGS MASS
Recently, the ATLAS collaboration has published a new combined analysis [20, 21] which excludes a
SM Higgs with mass in the ranges 112.9 GeV-115.5 GeV, 131 GeV-238 GeV, and 251 GeV-466 GeV. While
the CMS collaboration excludes a SM Higgs with mass in the range 127.5 GeV-600 GeV [22–24]. Also, it
is well-known that both collaborations have observed an excess around 125 GeV.
In this article we will consider a conservative scenario where the light CP-even Higgs is SM-like with
mass in the range 115-128 GeV, and using this range we will show the possible constraints on the supersym-
metric spectra in the MSSM and in the BLMSSM. In this way we can compare both models and predictions
for the radiative Higgs decays showing the possibility of ruling out the BLMMSM if the excess around 125
GeV is confirmed in the new analysis by the ATLAS and CMS collaborations.
In order to set our notation we define the neutral Higgses as
H0u =
1√
2
(vu + hu) +
i√
2
Au, (25)
and
H0d =
1√
2
(vd + hd) +
i√
2
Ad. (26)
Using this notation and working in the basis (hd, hu) the mass matrix for the MSSM neutral CP-even Higgs
is given by
M2even =
M211 + ∆11 M212 + ∆12
M212 + ∆12 M222 + ∆22
 , (27)
with
M211 = M2Z cos2 β + M2A sin2 β, (28)
M212 = −(M2A +M2Z) sinβ cosβ, (29)
M222 = M2Z sin2 β + M2A cos2 β, (30)
whereMA is the pseudo-scalar Higgs mass and tanβ = vu/vd. In order to make the numerical calculations
we use FeynHiggs [25] to compute the Higgs mass at two-loop level and include the one-loop corrections
due to the existence of new leptons. These new one-loop corrections were considered in Ref. [26], where it
has been shown that one can increase the Higgs mass in more than 5-10 GeV in a large fraction of the param-
13
eter space. In this article we go beyond this study and show the general constraints on the supersymmetric
spectra if we satisfy the experimental constraints on the Higgs mass.
As we have mentioned above, since we cannot predict the Higgs mass in general, we can use the recent
results from ATLAS [20, 21] and CMS [22, 23] to constrain the allowed parameters in the theory. In order
to understand these constraints we will work in the decoupling limit in the Higgs sector, M2A M2Z , which
has the largest contribution at tree level to the Higgs mass in the MSSM , and define some simple scenarios:
• Scenario I: Xt = Xb = 0
In this case we neglect the left-right mixing in the squark sector and take into account only the
contributions of the third generation of quark and squarks in showing the allowed parameter space
consistent with a Higgs mass in the range 115 GeV ≤ Mh ≤ 128 GeV. In order to illustrate the
numerical results we scan over the ranges
200 GeV ≤ MQ˜3 ,Mu˜c3 ,Md˜c3 ≤ 2 TeV,
Mν4 = Mν5 = 90 GeV and Me4 = Me5 = 100 GeV,
0 GeV ≤ ML˜4 ,Me˜c4 ,Mν˜c4 ,ML˜c5 ,Me˜5 ,Mν˜5 ≤ 1 TeV,
MZB = MZL = 1 TeV, tanβB = tanβL = 2, L4 = −32 ,
and
100 GeV ≤ M2 ≤ 300 GeV, −300 GeV ≤ µ ≤ 300 GeV, 2 ≤ tanβ ≤ 6, MA = 1 TeV,
and show the results making the calculation for the Higgs mass at two-loop level in the MSSM and
include the new one-loop corrections in the BLMSSM. We also note that the soft mass parameters of
the new sleptons can be as low as zero since they must be at least as massive as the new leptons in
this case which is consistent with experimental bounds.
• Scenario II: Xt 6= 0 and Xb 6= 0
In the second scenario we take into account the left-right mixing in the stop and sbottom sectors,
using the same range for the input parameters as in the previous scenario and
−4 TeV ≤ Xt ≤ 4 TeV, −4 TeV ≤ Xb ≤ 4 TeV,
14
for the values of the left-right mixing in the squark sector.
In Fig. 1 we show the allowed parameter space in the MSSM and BLMSSM when the Higgs mass is in
the range mentioned above. In the MSSM we compute the Higgs mass at two-loop level using FeynHiggs
and in the BLMSSM we have the extra leptonic one-loop contributions. Notice that the red points corre-
spond to the range when the Higgs mass is between 115 GeV and 122 GeV, while the blue points correspond
to the range, 122 GeV≤Mh ≤ 128 GeV. We useMg˜ = 1 TeV as the gluino mass. The first main difference
to notice is that in the MSSM there is no solution when Xt = 0, while this is not the case in the BLMSSM.
Therefore, for SUSY breaking scenarios such as gauge mediation where the trilinear terms are small, one
can say that in the context of the BLMSSM it is possible to satisfy the bounds on the Higgs mass.
In Fig. 2 we show the allowed parameter space in scenario I for the BLMSSM. Notice that in this case
the lightest stop can be as light as 600 GeV, while the heaviest stop is always above 1 TeV. For our input
parameters we find allowed solutions when tanβ is larger than 4, since the tree level mass is directly
related to tanβ. However, as we have mentioned before, there is an upper bound on tanβ coming from
perturbativity, and combining these two bounds limits allowed range to a small region.
In scenario II the left-right mixing in the squark sector can be large and we see in Fig. 3 that the lightest
stop can be very light, in the 100 GeV region, consistent with the Higgs bounds. The situation is similar
in both models, in the MSSM and the BLMSSM. However, in the BLMSSM we find more solutions which
correspond to the Higgs mass in the range, 122 GeV ≤Mh ≤ 128 GeV, due to the contributions of the new
leptons. Notice, that the heaviest stop can be as light as 500 GeV in both models. In this scenario we do
not find any relevant lower bound on tanβ since it is easier to satisfy the Higgs bounds. See Fig. 4 for the
numerical results in the tanβ-Mt˜1 plane.
V. RADIATIVE HIGGS DECAYS: h→ γγ AND h→ gg
As it is well-known, the excess reported by CMS and ATLAS are in the γγ channel, while the other
channels are mainly SM-like. Now, knowing the allowed parameter space consistent with a Higgs mass,
Mh = 115− 128 GeV, we can show the predictions for the radiative Higgs decays.
The Higgs decays at tree level are not modified, but the radiative Higgs decays, h → γγ, h → gg and
h → Zγ can be modified due to the existence of new leptons and their superpartners. For the study of the
Higgs decay into gamma gamma in the decoupling limit in the MSSM see Ref. [27]. In Fig. 5 we show the
predictions for the ratio Rγγ defined as
Rγγ =
Γ(h→ γγ)
Γ(h→ γγ)SM , (31)
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FIG. 1. Allowed parameter space in the MSSM and BLMSSM in the plane of lightest stop mass versus the left-right
mixing in the stop sector. We use as input parameters Mν4 = Mν5 = 90 GeV and Me4 = Me5 = 100 GeV. In the
MSSM we compute the Higgs mass at two-loops and in the BLMSSM we have the extra one-loop contributions. The
red points correspond to the range when the Higgs mass is between 115 GeV and 122 GeV, while the blue points
correspond to the range, 122 GeV ≤Mh ≤ 128 GeV. We use Mg˜ = 1 TeV as the gluino mass. We have checked that
all solutions are consistent with the bounds from the absence of color and electric charge breaking.
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FIG. 2. Allowed parameter space in the BLMSSM in zero mixing scenarioXt = Xb = 0. We use as input parameters
Mν4 = Mν5 = 90 GeV and Me4 = Me5 = 100 GeV.
where we have scanned over the ranges mentioned in the previous section and assume zero left-right mix-
ing. Here we show only the predictions in the BLMSSM because in the MSSM one cannot satisfy the
Higgs bounds. Notice that the ratio Rγγ is around 0.3 due to the suppression of the new leptons and their
superpartners. In the non-supersymmetric version of the model this effect was studied in Ref. [28]. In our
case the new sleptons further suppress this ratio if they are very light.
In scenario II the situation is quite different because the stops can be very light and the left-right mixing
can play a role is the enhancement of the Rγγ ratio. In Fig. 6 we see that in the MSSM the predictions
are SM-like but the ratio can change between 0.85 and 1.2 in the whole parameter space. In the BLMSSM
the situation is different since Rγγ ratio can be between 0.1 and 0.4. Therefore, one can say that in the
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FIG. 3. Allowed parameter space in the MSSM and BLMSSM in the non-zero mixing scenario Xt 6= 0 and Xb 6= 0.
We use as input parameters Mν4 = Mν5 = 90 GeV and Me4 = Me5 = 100 GeV.
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FIG. 4. Allowed parameter space in the MSSM and BLMSSM in the non-zero mixing scenario Xt 6= 0 and Xb 6= 0.
We use as input parameters Mν4 = Mν5 = 90 GeV and Me4 = Me5 = 100 GeV.
BLMMSM one expects a large suppression for the gg → h → γγ signals. In our opinion, since still the
experimental collaborations do not have enough results to claim a discovery, we only take these results as a
hint against this model. In order to understand the impact of the SUSY spectrum on the Higgs signals we
need to study the radiative decays, h→ gg. We define the quantity
Rgg =
Γ(h→ gg)
Γ(h→ gg)SM , (32)
and show the predictions in scenario I and II in Figs. 7 and 8, respectively. It is easy to understand that
in scenario I this ratio is not modified because the stops are heavy. In the second scenario the situation is
different because the stops can be light and the left-right mixing can change the sign of the stop contribution.
These results are shown in Fig. 8, where we can see that in the MSSM the ratio Rgg can be between 0.6 and
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FIG. 5. Predictions for Rγγ in scenario I.
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FIG. 6. Predictions for Rγγ when Xt 6= 0 and Xb 6= 0.
1, while in the BLMSSM the range can be 0.2-1.3 when the stop is very light and the left-right mixing is
large. It is important to mention that the Rgg cannot be too different from the SM because at the moment
there are not large excesses in other channels where the Higgs decays into two gauge bosons.
Since the relevant quantity for the experiments is defined as
Cγγ =
σ(gg → h)× Br(h→ γγ)
σ(gg → h)SM × Br(h→ γγ)SM ≈
Γ(h→ gg)× Br(h→ γγ)
Γ(h→ gg)SM × Br(h→ γγ)SM , (33)
where we’ve used the narrow-width approximation where the cross section is proportional to the Higgs
decay width into two gluons, see for example [29], we will use the last part of the above expression to
calculate the predictions made by the MSSM and the BLMSSM.
Knowing the results in Figs. 5-8, we can show the predictions for the Cγγ . Since γγ and gg ratios are
SM-like in the MSSM in Fig.10 we see that Cγγ is SM-like, but it can change between 0.8 and 1.1. In the
BLMSSM we just extrapolate the suppression in the γγ channel to see that there is a suppression for the
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signals in this channel. See Figs. 9 and 10 for details.
In summary, we can see that in the context of the BLMMSM one predicts less events in the gg → h→
γγ channel. Therefore, one could rule out this model in the near future if the signals around, Mh ∼ 125
GeV, are confirmed by the LHC experiments.
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FIG. 7. Predictions for Rgg in scenario I.
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FIG. 8. Predictions for Rgg when Xt 6= 0 and Xb 6= 0.
VI. EVOLUTION OF THE GAUGE AND YUKAWA COUPLINGS
The evolution of the gauge couplings at one-loop level is given by the well-known expression
1
αa(Λ1)
=
1
αa(Λ2)
+
ba
2pi
Log
(
Λ2
Λ1
)
, (34)
where αa = g2a/4pi, ba are the beta functions for the different groups and Λi is a given scale. In order
to make the numerical study we will assume that only the new leptons exist below the SUSY scale while
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FIG. 9. Predictions for Cγγ in scenario I.
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FIG. 10. Predictions for Cγγ when Xt 6= 0 and Xb 6= 0.
the thresholds associated with the new sleptons, new quarks and new squarks are numerically close to the
SUSY scale.
The new leptons therefore effect the ba values of the SM gauge group they are:
b3 = −7, b2 = −15
6
, b1 =
53
10
, (35)
while above the SUSY scale:
b3 = 1, b2 = 5, b1 =
53
5
, (36)
bB = NB
(
26B24 +
80
3
B4 +
170
9
)
, bL = NL
(
8L24 + 24L4 + 56
)
. (37)
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Where NB and NL are the normalizations for U(1)B and U(1)L. While its unclear what these values
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FIG. 11. Running of the gauge couplings in the BLMSSM assuming αB = 0.026 and αL = 0.01 at the SUSY scale.
should be without knowledge of the high scale physics, we will use, for simplicity, NB = NL = 12 . Also
usingB4 = −1/2 andL4 = −3/2 we show in Fig. 11 the running of the gauge couplings when αB = 0.026
and αL = 0.01 at the SUSY scale. As one can see from these results we can keep the unification of the
gauge couplings of the MSSM and we can have a simple solution for the unification of the αL and αB at the
scale 1016 GeV. In this way one can imagine a possible unified theory at the high scale. This type of GUT
model will be investigated in a future publication.
In order to study the possible existence of a Landau pole we study here the evolution of the Yukawa
couplings. See the Appendix for the renormalization group of equations for these couplings. The matching
conditions for the Yukawa couplings at the SUSY scale are
Yi =
hi
sinβ
, Yj =
hj
cosβ
, i = t, ν4, e5, j = b, τ, e4, ν5, (38)
therefore giving a boost to the latter set of Yukawa couplings for tanβ > 1. In Fig. 12 we show the
evolution of the largest Yukawa couplings (Yt, Ye4 , Yν5) for two different scenarios: a) mν4 = mν5 = 90
GeV and tanβ = 2, b) mν4 = mν5 = 50 GeV, me4 = me5 = 100 GeV and for tanβ = 1.4. In the first
scenario the Landau pole is around 107 GeV, while when tanβ = 1.4 there is a Landau pole at the scale,
1014 GeV. In order to show more general results we show in Fig. 13 the isoplot for the scale where we have
a Landau pole in the me4-tanβ plane. It is important to mention that in general the cutoff of theory can be
very large. However, since the local baryon number is broken at the low scale we do not need to assume a
large cutoff or the desert in order to satisfy the bounds on the proton decay lifetime.
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FIG. 12. Yukawa coupling running in the BLMSSM for Yt, Ye4 and Yν5 above the SUSY scale for mν4 = mν5 =
90(50) GeV and me4 = me5 = 100 GeV and for tanβ = 2(1.4) with gauge couplings as in Fig. ??.
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FIG. 13. Isoplot for the scale where one has a Landau pole in the me4 -tanβ plane.
VII. SUMMARY
We have discussed the main features of a simple extension of the minimal supersymmetric stan-
dard model where the baryon and lepton numbers are local symmetries. We refer to this theory as the
“BLMSSM”. In this context we do not need to assume a large desert between the electroweak scale and
grand unified scale in order to satisfy the proton decay bounds even if B and L are broken at the low scale.
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In this context the lepton number is broken in an even number while the baryon number violating operators
can change B in one unit. There is no flavour violation at tree level due to absence of mixing between the
SM fermion and new families and Landau pole at the low scale. The light Higgs boson mass can be large
without assuming a large stop mass and left-right mixing and one could modify the current LHC bounds on
the supersymmetric spectrum due to the presence of the baryon number violating interactions.
In section III we discussed the constraints on the λ
′′
ijk from cosmology and the impact of these couplings
on the LHC searches for supersymmetric particles. In this case we can have very interesting signals without
missing energy. For example, if the stop is the lightest supersymmetric particle one can have signals with
displaced vertices and four jets. These are interesting signals can shed light on the possibility to have light
stops in the spectra.
We have investigated in great detail the correlation between the light Higgs mass and the decay of the
Higgs boson into two photons following the new results presented by the ATLAS and CMS collaborations.
In this theory the new light leptons modify appreciably the predictions of the Higgs decays into two gammas.
The contraints on the Higgs mass tell us how light the lightest stop, Mt˜1 , can be and since B is broken we
can satisfy the collider bounds. We have found that in the context of the BLMMSM one predicts less events
in the gg → h → γγ channel. Therefore, one could rule out this model in the near future if the signals
around, Mh ∼ 125 GeV, are confirmed by the LHC experiments.
In this theory the fields X and X¯ (or their superpartners) can be a cold dark matter candidate if there
are the lightest fields with baryon number and do not get a vacuum expectation value. This is true even
when R-parity is broken in this theory. This is an interesting result which we will be investigated in a future
publication. See Ref. [5] for the study of this dark matter candidate in a non-supersymmetric version of the
model.
The running of the Yukawa couplings were studied in order to understand the possible cutoff of the
theory. We have found that for small values of tanβ the cutoff of the theory can be very large. It is
important to mention that since the baryon and lepton numbers are broken at the low scale there is no need
to have a large cutoff. In summary, we could say that the BLMSSM is a consistent theory where one could
expect a light stop-sbottom spectrum in agreement with all experiments and predicts new light leptons. The
collider signals of this theory will be investigated in a future publication.
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Appendix A: Particle Content
Superfields SU(3)C SU(2)L U(1)Y U(1)B U(1)L
Qˆi 3 2 1/6 1/3 0
uˆci 3¯ 1 -2/3 -1/3 0
dˆci 3¯ 1 1/3 -1/3 0
Lˆi 1 2 -1/2 0 1
eˆci 1 1 1 0 -1
νˆci 1 1 0 0 -1
Qˆ4 3 2 1/6 B4 0
uˆc4 3¯ 1 -2/3 −B4 0
dˆc4 3¯ 1 1/3 −B4 0
Lˆ4 1 2 -1/2 0 L4
eˆc4 1 1 1 0 -L4
νˆc4 1 1 0 0 -L4
Qˆc5 3¯ 2 -1/6 −1−B4 0
uˆ5 3 1 2/3 1 +B4 0
dˆ5 3 1 -1/3 1 +B4 0
Lˆc5 1 2 1/2 0 −3− L4
eˆ5 1 1 -1 0 3 + L4
νˆ5 1 1 0 0 3 + L4
Hˆu 1 2 1/2 0 0
Hˆd 1 2 -1/2 0 0
SˆB 1 1 0 1 0
ˆ¯SB 1 1 0 -1 0
SˆL 1 1 0 0 -2
ˆ¯SL 1 1 0 0 2
Xˆ 1 1 0 2/3 +B4 0
ˆ¯X 1 1 0 −2/3−B4 0
TABLE I. Superfields in the BLMSSM. The index i = 1, 2, 3.
Appendix B: Sfermion Masses
The sbottom mass matrix is defined by
M2
b˜
=
M2b +M2Q˜3 − (12 − 13 sin2 θW )M2Z cos 2β + 13DB Mb Xb
Mb Xb M
2
b + M
2
d˜c3
− 13 sin2 θWM2Z cos 2β − 13DB
 ,
(B1)
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where M2
d˜c3
is a soft mass, DB = 12M
2
ZB
cos 2βB and Xb = Ab − µ tanβ. The mass matrix for the new
sleptons is given by
M2e˜4 =
M2e4 +M2L˜4 − (12 − sin2 θW )M2Z cos 2β + L4DL Me4 Xe4
Me4 Xe4 M
2
e4 + M
2
e˜c4
− sin2 θWM2Z cos 2β − L4DL
 ,
(B2)
where M2
L˜4
and M2e˜c4 are soft masses, DL = −
1
4M
2
ZL
cos 2βL and Xe4 = Ae4 − µ tanβ. The mass matrix
for the fourth generation heavy neutrino is given by
M2ν˜4 =
M2ν4 +M2L˜4 + 12M2Z cos 2β + L4DL Mν4 Xν4
Mν4 Xν4 M
2
ν4 + M
2
ν˜c4
− L4DL
 ,
(B3)
where Xν4 = Aν4 − µ cotβ. In the case of the leptons of the fifth generation the mass matrices read as
M2e˜5 =
M2e5 +M2L˜c5 + (12 − sin2 θW )M2Z cos 2β + L5DL Me5 Xe5
Me5 Xe5 M
2
e5 + M
2
e˜5
+ sin2 θWM
2
Z cos 2β − L5DL
 ,
(B4)
with Xe5 = Ae5 − µ tanβ and L5 = −(L4 + 3). Notice that in order to have the mass matrices for
squarks in the MSSM one has to set DB = 0. Knowing the sfermion spectrum we are ready to discuss the
predictions for the Higgs mass.
Appendix C: Contributions to h→ γγ and h→ gg
The formulas presented in this section were adopted from Ref. [27]. The two-photon decay width of a
CP-even Higgs particle h can be written as,
Γ(h→ γγ) = GFα
2
EWM
3
h
128
√
2pi3
∣∣∣∣∑
i
Ai(τi)
∣∣∣∣2 , (C1)
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where τi = M2Φ/(4m
2
i ) with mi being the mass of the loop particle. The amplitudes are given by,
AW (τW ) = gΦWWF1(τW ) , (C2)
Af (τf ) = NcQ
2
f gΦffF1/2(τf ) , (C3)
AH±(τH±) = gΦH+H−
M2W
M2
H±
F0(τH±) , (C4)
Aχi(τχi) = gΦχ+i χ
−
i
MW
mχi
F1/2(τχi) , (C5)
Af˜i(τf˜i) = NcQ
2
f gΦf˜if˜i
M2Z
m2
f˜i
F0(τf˜i) , (C6)
where Nc is the color factor and Qf is the electric charge of the fermion/sfermion in units of the proton
charge. The functions F are given by,
F0(τ) =
τ − f(τ)
τ2
, (C7)
F1/2(τ) = −
2[τ + (τ − 1)f(τ)]
τ2
, (C8)
F1(τ) =
2τ2 + 3τ + 3(2τ − 1)f(τ)
τ2
, (C9)
where,
f(τ) =

arcsin2
√
τ τ ≤ 1 ,
−14
[
log
(
1+
√
1−1/τ
1−
√
1−1/τ
)
− ipi
]2
τ > 1 .
(C10)
The mixing angle α, which we use in subsequent formulas, is expressed by,
α =
1
2
arctan
[
2
(M2even)12
(M2even)11 − (M2even)22
]
, α ∈
(
−pi
2
, 0
)
. (C11)
In the decoupling limit (M2A  M2Z) we obtain α → β − pi/2. Values of MSSM couplings in formulas
(C2):
(a) W boson loop (gH0WW = 1 in SM),
ghWW = sin (β − α) . (C12)
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(b) Fermion loops (gH0uu = gH0dd = 1 in SM),
ghuu =
cosα
sinβ
, ghdd = − sinα
cosβ
. (C13)
(c) Charged Higgs loops (negligible in the decoupling regime),
ghH+H− = sin (β − α) +
cos(2β) sin(α+ β)
2 cos2 θW
+
 cosα cos2 β
2 cos2 θWM2Z sinβ
. (C14)
(d) Top squark loops
ght˜1 t˜1 = −
1
2
sin(α+ β)
[
cos2 θt − 4
3
sin2 θW cos 2θt
]
+
cosα
sinβ
m2t
M2Z
+
mt sin 2θt
2M2Z
[
cosα
sinβ
At +
sinα
sinβ
µ
]
, (C15)
ght˜2 t˜2 = −
1
2
sin(α+ β)
[
sin2 θt +
4
3
sin2 θW cos 2θt
]
+
cosα
sinβ
m2t
M2Z
−mt sin 2θt
2M2Z
[
cosα
sinβ
At +
sinα
sinβ
µ
]
, (C16)
where,
sin 2θt =
2mtXt
M2
t˜1
−M2
t˜2
. (C17)
(e) Bottom squark loops
ghb˜1b˜1 =
1
2
sin(α+ β)
[
cos2 θb − 2
3
sin2 θW cos 2θb
]
− sinα
cosβ
m2b
M2Z
+
mb sin 2θb
2M2Z
[
sinα
cosβ
Ab +
cosα
cosβ
µ
]
, (C18)
ghb˜2b˜2 =
1
2
sin(α+ β)
[
sin2 θb +
2
3
sin2 θW cos 2θb
]
− sinα
cosβ
m2b
M2Z
−mb sin 2θb
2M2Z
[
sinα
cosβ
Ab +
cosα
cosβ
µ
]
, (C19)
27
where,
sin 2θb =
2mbXb
M2
b˜1
−M2
b˜2
. (C20)
(f) Fourth family selectron loops
ghe˜14e˜14 =
1
2
sin(α+ β)
[
cos2 θe4 − 2 sin2 θW cos 2θe4
]− sinα
cosβ
m2e4
M2Z
+
me4 sin 2θe4
2M2Z
[
sinα
cosβ
Ae4 +
cosα
cosβ
µ
]
, (C21)
ghe˜24e˜24 =
1
2
sin(α+ β)
[
sin2 θe4 + 2 sin
2 θW cos 2θe4
]− sinα
cosβ
m2e4
M2Z
−me4 sin 2θe4
2M2Z
[
sinα
cosβ
Ae4 +
cosα
cosβ
µ
]
, (C22)
where,
sin 2θe4 =
2me4Xe4
M2
e˜14
−M2
e˜24
. (C23)
(g) Fifth family selectron loops
ghe˜15e˜15 = −
1
2
sin(α+ β)
[
cos2 θe5 − 2 sin2 θW cos 2θe5
]
+
cosα
sinβ
m2e5
M2Z
+
me5 sin 2θe5
2M2Z
[
cosα
sinβ
Ae5 +
sinα
sinβ
µ
]
, (C24)
ghe˜25e˜25 = −
1
2
sin(α+ β)
[
sin2 θe5 + 2 sin
2 θW cos 2θe5
]
+
cosα
sinβ
m2e5
M2Z
−me5 sin 2θe5
2M2Z
[
cosα
sinβ
Ae5 +
sinα
sinβ
µ
]
, (C25)
where,
sin 2θe5 =
2me5Xe5
M2
e˜15
−M2
e˜25
. (C26)
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(h) Chargino loops,
ghχ+1 χ
−
1
=
√
2
(− cosα cos θ+ sin θ− + sinα sin θ+ cos θ−) , (C27)
ghχ+2 χ
−
2
= −ε
√
2
(− cosα cos θ− sin θ+ + sinα sin θ− cos θ+) , (C28)
where M2 is the gaugino mass parameter, the function ε = sign(µM2−M2W sin 2β), and θ± can be
determined from,
tan 2θ+ =
2
√
2MW (M2 cosβ + µ sinβ)
M22 − µ2 − 2M2W cos 2β
, (C29)
tan 2θ− =
2
√
2MW (M2 sinβ + µ cosβ)
M22 − µ2 + 2M2W cos 2β
. (C30)
Chargino masses,
m2χ1,2 =
1
2
[
M22 + µ
2 + 2M2W
∓
√
(M22 − µ2)2 + 4M4W cos2 2β + 4M2W (M22 + µ2 + 2M2µ sin 2β)
]
. (C31)
The formula below was adopted from Ref. [30]. The two-gluon decay width of a CP-even Higgs particle h
is given by,
Γ(h→ g g) = 9GFα
2
sM
3
h
576
√
2pi3
∣∣∣∣∑
q
Aq(τq) +
∑
i
Af˜i(τf˜i)
∣∣∣∣2 , (C32)
where τi = M2Φ/(4m
2
i ) with mi being the mass of the loop particle and,
Aq(τq) = ghqqF1/2(τq) , (C33)
therefore, it is expressed in terms of quantities we already know how to calculate from the h→ γγ case.
Appendix D: RGEs for the Yukawa Couplings
The RGEs in the Yukawa sector below the SUSY scale are modified by the new leptons. Ignoring the
lepton and baryon number gauge contributions which are small below the SUSY scale, the Yukawa RGEs
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below the SUSY scale are
16pi2
dht
dt
= ht
[
9
2
h2t +
3
2
h2b + h
2
τ + h
2
e4 + h
2
e5 + h
2
ν4 + h
2
ν5 − 4pi
(
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α1 +
9
4
α2 + 8α3
)]
, (D1)
16pi2
dhb
dt
= hb
[
9
2
h2b +
3
2
h2t + h
2
τ + h
2
e4 + h
2
e5 + h
2
ν4 + h
2
ν5 − 4pi
(
1
4
α1 +
9
4
α2 + 8α3
)]
, (D2)
16pi2
dhτ
dt
= hτ
[
5
2
h2τ + 3h
2
b + 3h
2
t + h
2
e4 + h
2
e5 + h
2
ν4 + h
2
ν5 − 4pi
(
9
4
α1 +
9
4
α2
)]
, (D3)
16pi2
dhν4
dt
= hν4
[
5
2
h2ν4 −
1
2
h2e4 + 3h
2
b + 3h
2
t + h
2
τ + h
2
e5 + h
2
ν5 − 4pi
(
3
4
α1 +
9
4
α2
)]
, (D4)
16pi2
dhe4
dt
= he4
[
5
2
h2e4 −
1
2
h2ν4 + 3h
2
b + 3h
2
t + h
2
τ + h
2
e5 + h
2
ν5 − 4pi
(
9
4
α1 +
9
4
α2
)]
, (D5)
16pi2
dhν5
dt
= hν5
[
5
2
h2ν5 −
1
2
h2e5 + 3h
2
b + 3h
2
t + h
2
τ + h
2
e4 + h
2
ν4 − 4pi
(
3
4
α1 +
9
4
α2
)]
, (D6)
16pi2
dhe5
dt
= he5
[
5
2
h2e5 −
1
2
h2ν5 + 3h
2
b + 3h
2
t + h
2
τ + h
2
e4 + h
2
ν4 − 4pi
(
9
4
α1 +
9
4
α2
)]
. (D7)
It has been assumed throughout this paper that the Higgs contribution to the masses of the new quarks is
negligible translating into small Yukawa couplings that will not greatly affect the running of other Yukawa
couplings. They are therefore neglected in the following Yukawa RGEs above the SUSY scale:
16pi2
dYt
dt
= Yt
[
6Y 2t + Y
2
b + Y
2
ν4 + Y
2
e5 − 4pi
(
13
15
α1 + 3α2 +
16
3
α3 +
4
9
NBαB
)]
, (D8)
16pi2
dYb
dt
= Yb
[
6Y 2b + Y
2
t + Y
2
τ + Y
2
e4 + Y
2
ν5 − 4pi
(
7
15
α1 + 3α2 +
16
3
α3 +
4
9
NBαB
)]
, (D9)
16pi2
dYτ
dt
= Yτ
[
4Y 2τ + 3Y
2
b + Y
2
e4 + Y
2
ν5 − 4pi
(
9
5
α1 + 3α2 + 4NLαL
)]
, (D10)
16pi2
dYe4
dt
= Ye4
[
4Y 2e4 + 3Y
2
b + Y
2
τ + Y
2
ν4 + Y
2
ν5 − 4pi
(
9
5
α1 + 3α2 + 4L
2
4NLαL
)]
, (D11)
16pi2
dYν4
dt
= Yν4
[
4Y 2ν4 + 3Y
2
t + Y
2
e4 + Y
2
e5 − 4pi
(
3
5
α1 + 3α2 + 4L
2
4NLαL
)]
, (D12)
16pi2
dYe5
dt
= Ye5
[
4Y 2e5 + 3Y
2
t + Y
2
ν4 + Y
2
ν5 − 4pi
(
9
5
α1 + 3α2 + 4NL(L4 + 3)
2αL
)]
, (D13)
16pi2
dYν5
dt
= Yν5
[
4Y 2ν5 + 3Y
2
b + Y
2
τ + Y
2
e4 + Y
2
e5 − 4pi
(
3
5
α1 + 3α2 + 4NL(L4 + 3)
2αL
)]
.(D14)
We remind the reader that NB and NL the normalization factors for U(1)B and U(1)L and has been both
chosen to be half for the numerical work in this paper for simplicity.
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